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BUMMARY

In the accurate determination of lattice parsmeters by the Debye-
Scherrer Method, a sharp line is desirable, It is shown that the szpeciral
width of the characteristic radiation is the 1imiting factor when, by
sulteble experimental technigue, the gecmetric—line width has been suffi-
clently reduced. This residual line widith is of the order of one—gquarter
of the distance between ths twoe compenents of the Xa doublet. The in—
tensity distribution in the line was calculated for the case of suffi-
clently large perfect crystal grains, negligible geometric width, and uni-
form angular distribution of crystel grains. As the tube and cobject are '
usually lmmobile in strees measuremsnts, the case of uniform distribution
is only approximated when the crystel-grain size is sufficiently small.
Otherwise, the actual intensity distribution is a Jaggeo. curve, which
makes accurate measurements lmpossible.

Experiments were performed with copper radiation on zinc samples.
The Bragg sngle in this case was 87.53° so that the geometric~line width
could be made small in comparison with the specotral-line width. Photo—
graphs taken with samples of different crystal-grain sizes show the tran—
sition from the jagged to the theoretical, smooth intensity curve.

Even when the crystal-grain orientation is pexfectly uniform, the
recording of the intensity distribution will entaijl errurs. Errors due
to irregular fluctuations of £ilm density are determined for subjective
and cbjective measurements of the line center, )

INTRODUCTION

In attempting to improve the precigion of X—yray diffraction measure—
ments, the first difficultises were due to the two obvious facts which
distinguish X-rays from optical rays: namely, that no lenses exist for
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X-rays and that there ise some penet:ation of X—rays into the specimen so
that the location of the object is somewhat indeterminate. Limitations

of accuracy by these facts, which will be called the geometrical factors,
have been discussed thoroughly in the literature, and great progress in
improved apparatus and calculating methode has been made in order to over-
come these limitations, (See references 1 to 4.) To the extent to which
the refinements eliminate errors of a geometrical nature, other sources of
error, hardly discussed thus far, become important. The following discus-
glon treats what seems to be the next obstascle to be overcome in the grad-
wal improvement of accuracy,. with particular emphesis on the application
of lattics distance measurements Yo gtress determinations.

One source of error is found in the physical nature of the specimen.
If the crystal grains are not perfectly periodical arveys of atoms, the
accuracy of measurement im limited by the amount of periodicity. Too
smell graln slze is known to broaden lines, thereby reducing the sharpness
of the difftraction lines. Finally, even if cach crystal grain mey be con-
sidered perfect, the strain In a polycrystalline sample under stress will
be nonhomogeneous go that a whole vange of lattice parameters will be ob-
served in any single meesuvement. In this report, all errors of this na-
ture wlll be dlsregarded and attention wlll be centered upon the errors
inherent in the measuring method itgelf. Thus it will be assumed for
this purpose that all individual crystal .grains are perfect; that is, of
sufficient gize, perfectly periodlc, and of identical structure.

"This investigation, conducted at the Armour Research Foundation, was
sponsored by and conducted with the financial assistance of the National
Advipory Committes for Aeronautics. _

TEEORETICAL CONSIDERATIONS

*For accurate measurement of the line position, a sharp line-is desir-
able. Disregarding the geometricel factors, the narrowness of the dif-
fraction line is limited by the spectral impurity of the primary charac-
teristic radiation, Although in most experiments the width is determined
by the geometrical factors, the lines with glancing angles cloge to 90°
owe their width predominantly Lo the spectral impurity, when the geometri-
cal Pactors are as favoreble as ls presently feasible as will be shown in
the following discusgion. But it ig precisely this region of back reflection
vhere the line pogition is most sensitive to small changes of lattice paranm-
eters. It becomes necessary therefore to investigate this sgpectral width.

Suppose that a randomly distributed mass of perfect crystals is used
and that the divergence, beam width, and depth of penetration are negligl-
ble. A Debye-Scherrer line would have a width corresponding to the range
of wavelengths in the primary beam,

To each weve length A, ‘thers corresponds on the X-~ray photograph an
angle ¢ = 20 given by .
A =24 slng/z (1)
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where the order number n 1is considered to be included in the effective
lattice gpacing 4. The intensity of a' spsctral line is giver_l by

I(N = - . o (2)

- 20)* 4 (5)

where Ao is the wavelength corresponding to the maximum intensity,
v i@ the width of the line (fig. 1), and A is a constant., -

Fow, define an angle #y/2 so that

Ao = 24 sin $o/2 | | (3)

By.use of equations (1) to (3) and substitution into equation (2},
there is obtained for the intensity diffrscted by all crystals

F{9)

(éd)é (sj;n ®/2 — gin ¢c/2)2 + (yé}e

I'(¢) = KC

where the function F(¢) depends on the intemsity of the primary beam and
the number of crystals which are oriented so as to reflect at = definite
angle ¢ 1if excited by the proper wavelength.

Dividing through by (2d)2 end using equation (3) yields

B'(¢)

(ein ¢/2 - sin %/’2)2 + (g g_;n___)?@_)z

I(¢) = (5)

If ¢ is not too close to 180° and the line is not too broad, there
can be substituted

sin ¢/2 — sin ¢o/2 = A®/2 cos /2 (6)

Thereby equation (5) becomes
B(9)

ae® + G\IE tan ¢Q/2>2

where B(¢) . is again a function of the crystal distridbution.

I1(0) = &)
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The functlon B(¢l expresses the accidental orientation of crystal
grains with respect to the primary beam. As the function is of statisti-
cal nature and entirely unknown In every partlicular case, a measured in-
tensity distribution I'(4) . cennot be used to determine the angle Pos
and thereby the lattice parameter d. In ordinary lattice-constant meas-
urementa, this difficulty is usually overcome by rotating or oscillating
the sample about an axls normal to the primary eam, thereby causing tle
crystal gralns to aspume successively an infinite number of orientatlons
with respect to the beam. In this way, the sbatlstical function B(¢)
ig "averaged out" so that it becomes practically a constant over the dif-
fraction line. The particuler diffliculty of stress measurements is thet,
for obvious mechanical reasons, 1t is usuelly impossible to rotate the
gpecimen or - vhich has the same effect - osclllate the X-ray tube. It
is posgsible, however, to obtain some smoothing of the erratic distribution
function by rotating the recording film about the primexry beam as an axis,
and -thils 1s the usuel proceduwre.: Nevertheless, it 18 not easy to obtain
smooth intensity distributions :in this way. It is shown in the soction
on Bxperimental Work that the line will have & smooth intensity distrib-
tlon only wnder particularly favoreble circumestences. Otherwise, high
resolution of details, whieh 18 necessary for extreme precision measure-
ments, exhibits the erratic structure of the line. If nonphotographic
means of intensity measuvement are used; that is, lonization chambers er
Gelger-Mueller counters, the situation 15 even worss, because the emooth-
Ing effect of the rotation cannct be used. :

One limitation of the accuracy of stress measurements 1s thus
glven by the statistics of crystal-grain orientation. If the number
of crystals “"viewed" by the primary beam 1s small, the function. B(p)
wlll be erratic.

The ldeal case occurs when the crystal orlentation is statisticelly
-wmiform; that is, practically, vhen a very large number of crystals con-
tribute to the farmetion of the diffraction liné. In this case B()
end B'(p) .are practically constant over the line width, and equetions
(5) and (7) become

(P = B' _‘
(* (sin p/2 --ein p_/2)%+ <§'E%?o§?)a (5a)

and Con -

() = —e——i2 . | (7a)
(612 + (X ten %/2>2 : :

where B and B' are now constents. This case of "perfect statistics"
will ve conmsldore? in the fPolleowing diacuasion.
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Comparison between equations (7a) and (2) shows that the form of the
Debye—Scherrer line is the same as that of the spectral line and that

w-_m@) (8)

'is the angular wid.th of the Debye—-Scherrer line. Equation (8) expresses

the well-¥nown fact that the dispersion increases proportionslly with
ten 6.

If the intensity curve given by equation (7a) could be recorded in a
perfectly exact manner, the position of the meximum intensity 9o could
be determined with any degree of precision, and the lattice spacing could
be calculated by equation (3). Actually, the granular structure of the
photographic £ilm makes the recorded intensity curve deviate from the
form of equation (7a). Further errors are of subjective naturé if the
evaluation is vieual or are due Lo the amplifier or curve—tracing mechan—
iem if & microphotometer is used.

Similar sources of error appear when ionization chambers or Geiger—
Musller counters are vsed with very narrow slits. Even then, these instru—
ments will hardly be used for high-precigion messurements of this nature,
because of their inability to average crystasl positions by rotation. The
dstermination of ¢o will therefore be possible only within a finite exror
8%o.

Let

84, ' | ’
r = " (9)

be the relative error of the measurement of the maximum of g curve with
width W. By logaritimic differentiation of equation (3),

0= %‘- + 5(00/2) cot (o/2) (:Ld)

For the abgolute magnitude of the relative errvor ]%é} of the lat—

tice spacing, there is c¢btained

o2
a

' 8(9/2) cot (¢Q/2)l (10e)

which with equations (9) end (8) gives
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sy LW e
T =r %t B - .- AQ&?

According to Compton and Allison (reference 5), the widths o;f wp
representative X-ray lines sre as follows:

Cu Koy . 1537.4 ° 0.58° 3.7 x 10°F
Co Kae 1789.2 5 53%107

and, the ordsr of magnitude of w/?xo is the samq-; for most I~yay lines. .
Thus, : the: relative error in ‘lattice spacina :i.s roughly

-

if‘ 4x107% p S (12) -
What accuracy then may to expected for a photographic determination
of 4! Most measurements reported in the literature were made by visual
eveluation. Subjective ag well as objective cvaluations of the precision
reported in the section on Experimental Work have shown that it is possi-
‘ble to-determine the position of maximum intengity with an uncertainty of
1/10 to 1/30 the line width. - This value is subject to some variation de—
pendent upon the angle of diffraction and the film—to-apecimen dlstance.

it 1
r= -i-é- for ste_el

1
» = <=~ for zinc
| 30 ° |
are asgumed in accordance with the sectioq on Expﬂ inental Wark, equation (12)
leads to & relative error . - - . . .

. |
%% = 3.3 % 107 for stesl

%=13x10 for zinc

In fact, the highest. accuracy olaimed in the literature is about

Sd.d. 2 X lO . Inasmuch as no geocmetrical and statistical errors were

congldered, this claim would scem optimistic. The experimental measure—
ments, however, use several lines and several separate pictures, so that
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the relative error may be slightly decreased.bj the ﬁhmberldf measurenents.

T+t is concluded that the clalmed accuracy of %g =2 X 10 seems

optimistic, but Just possidble if all errors, except those due to the
photographic £ilm, are disregarded. The comparison between the error duve
solely to spectral line width (in connection with £ilm grain), on the one
hend, and the error reported in the literature, on the other hand, shows
that the limit in eliminating error eources other than the spgctral-line
wldth has already been reached. This Justifles the fallure to dlscuss
error sources of geometric nature. It is somewhat surprising that the
gpectral-line width turns out to be the limiting Ffactor for an increase
of accurascy, for moat papers on the subject treah only the geometric
factors, -

In order to use the preceding results to make any inferences as to
the limlts of esccuracy of stress measurements, the ildeal case must be
consldered where the strespsed crystal grains would still remaln perfect
diffractors, where the geometric conditions are perfect, and where the
statistical distribution is unifoim. Under these conditions, the limit
of accuracy is given by the uncertainty of the photographic determinatlion
of the maximum intensity of the Debye-Scherrer linss.

For a plcture taksn by back reflection from the sample surface, the
sum of the principal stresses o3 + 02 in the plane of the surface is
glven by L . - —

-

E Ad
UB=01+02=UT1- . .(133»)

where' E is Young's modulus, V Poisson's ratio, and Ad the change of
lattice spacing due to stréss. For almost grazing incidence,
Ad

% E-a- o | : (13b)

The error of stress meagurement dve to an error 8(Ad), or which is the
same, /263 (reference 6), i1s then )

T 84 :
553:5._&.#___ | (1ha) |
and N
. 5d R R
50(} =E 3=/ | _ (1l+b)

for back and grazing incidence, respectively. -
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By use of equation -(12), theve 1s obtained

5og =‘§'r L x 107 /2 o (158)
bog=Erkx10 /& .. - (150)

respeéti&ely.

The values of E and V for steel and zinc are listed as repre—~
sentative examples: ' : .

Poigsonts ratio, V " Young's ﬁwdulus, B '
_ o . (psi) *
‘Steel T 03 | 28 x 10°
Zine .3 T " 13 % 108

With these values, the stress error becomes

52,600 r pei for steel ‘
&a. ={ (16a)
24,400 r pei for zinc
for back reflection and
115,800 r psi for steel
' Bog = _
L 7,320 r pei for zinc (16b)

for almoet grazing incidence.

Grazing incidence should be eliminated for accurate measursments
because the beam impinges on too large & portion and focusing is impossi~
ble. Choose for typicel experimental arrangements, cobalt radiation for
steel, copper radiation for zinc, and a S-centimeter film-to—specimen
distance. From the measurements reported in the section on Experimental
Work end by using r = g% for zinc: and, by interpolation, r = f; for
steel, there is obitalned

{%380 psi for gteol
3} =
810 psi for zinc

(172)
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Theses accuracles colnclde with- the accuraoy reported in most :
publd catione. _Occaslonally, agoureoies. as high as 2000 psl are claimed.
for steel, but, in view of all assuﬁp‘bions ‘made- in a.rriving a:b o
eq_uation (l"(a.), suah ole.ims seen: hardl;y ree.sona'ole. ol e

The d.ifficulties of improving '&he accura:cy axe illus'bra.’ced. in -
figure 2, This figure shows the two -intensity distribution curves for
the unstressed and stressed (2800 pei) steel with -a film-to-specimen
distance of 5 centimeters. The curves are caloulated according to
equation (Sa), that is, for ideal ‘geometry and ideally uniform crystal
ovientetion. If nothing but the Ffinite graih size of the film is added, y
it. becames apparent-that a visuval oxf photametric d.ifferentia’oion 'be'bwee'n
the two curves of figure 2 is hard.l:ﬁf possi'ble. . : e

It is conoluded that the limit of aoouragy is &iven esegpj _l_._Jaz x

the spsciral-line width a the uncertainty o .
gcenter of the Debye~Sgherrer lipe. With respect to gewe'brio f&otors ’
the limit evidently has already been reached, or in othei words, '
remaining gecmetrdcal errors are alwsady reduced, An the: present
technique, to ab lsast the same ordey of magnitude as .the error due to.
the spectral—-line width.

EXPERIMENTAL WORK
According to equation (12), the relative uncertainty in the latitice
spacing is approximebely 4 % 107 r, where 1 1s the uncertainty of
measurement of the diffraction—line cenbter, The eaccuracy with which =

can be determined will depend on two factors, the statistical arrangement
of the crystel grains in the sample and the quality of-the film.

Ungertainty of Measurement Due to the Statistical Fluctuations
of Crystal Orientation

A study of the effects of the sample ata.tistios on 'bhe diffraction
line: requires' . .

1. A Debye—-Scherrer line wide in comparison with the gemet&-ical
.width sa that the gewmetrical factors are negligible _

2. A line widé in comparison with the £11m grain size 80 the.t
irregularities of the film density may be clisregard.ed

3. La.rge Grysta.llites e.nd nearly perfec't R '. - S—

llt is true that a scmewhat stringent definitioh is used. here for
the "error,” namely, three times the standard deviation; whereas other
authors mey mean the standard d.evia.t:.on.
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In order tc meet requirements 1 and 2, high digpersion is necessary;
that is, a Bragg engle @ near 90° is required, which calls for an unus—
wal comvination of wavelength and lattice parameter. A study of a numbexr
of metals showed that zinc will preduce a veflection at 87.53° with
Cu Koy radietion. With lattice constants ag = 2.6595 A and

co = 4.9368 A, for a 213 plane,is obtained
d = 0.76950 A

This plane gives & reasonably strong reflectlon.  The choice of zinc is
fortunate, too, in that its annealing temperatures is quite low and large,
perfect crystal graing mey be easily produced, Condition 3 may thus be
fulfilled with little difficulty.

The gecmetry of the film and collimatpr system.must be so chosen that
conditions 1 and 2 are fulfilled. According %o equation (8),. the width W
of the Debye—Scherrer line at the Bresgg angle $0/2, and for the wave-

length Ag, is given by

W
W=g o tan 9/2
With the following congtants,

w = 0.00058 x 107° centimeter

Ao = 1.537h x 10 centimeter

4o/2 = 87.53°

theye is obtained

W s 0.0174 radian

This spectral width should-be several times larger than the geometrical
width so that the effects of the geometrical width will be negligible.

With collimating pinholes 0.051 centimeter in diemeter and spaced
7.62 centimeters, the meximum engular divergence of the incident beam is
0.013 radian. In the conventional back-reflesction technique used in
these experiments, the emergent pinholé collimator is almost at the sur-
face of the film, end the effective beam source is 3.8 centimeters in
back of the film. Thus, by increasing the distance between the film and
specimen, a geometrical focusing condition is more nearly realized. On
the other hapd, the width of the line on the film, caused by the gpectral
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dispersion, will increase as the film-to-specimen distance incrcases.
Thus, if a film—to-specimen distance of 15 centimeters is chosen, the
spectral width of the line on the £ilm is 2.64 millimeters; whereas the
geomstricel width of the line is approximately 0.5 millimeter. The spec—
~ tral width is, accordingly, about five times that of the geometrical
‘width and conditions 1 and 2 are Tulfilled.

Experimental technique.— The X~ray unit is a commercial type with a

y¥oltage range of 30 to 50 kilovolis and a corresponding tubs current
renge of 25 to 16 milliamperes. The back-reflection camera is of a con~
‘ventional type with the £ilm cassette mounted normsl to a shaft contain—
ing the collimator system. The shaft msy be rotated by a small motor.
The cassette is designed ©0 accommodate reflections up to 89° using a
film~to-specimen distence of 15 centimeters. The sample holder is so
designed that the sample may be xotated in a plane normal to ths beam.
Radiation filtered. with nickel foil is used. 'bhroughout the experiments .

. Acoordins to equation (7a) a diffraction line is expected o be
smooth and continuous only if the number end the-stetistical distribution
of the crystel grains are correct. In order to observe the influence of
grain size upon the smootimess of the diffraction line, three samplés
were prepared in the following mennexr:

le A.~ A rod of very pure zinc exhibiting large crystals was
filed in order to prepare a flat surface. The surface was left in this
condition and photographed. . ' :

Semple B.-- A piece of flat cold-rolled zinc was polished, ennealed,
and etched. .

Sample C.— Annealed zinc dust was separated into a fraction of small
uniform particles,

Diffraction lines with Bragg engles of the order of 65° to 69° wers
chosen as reference lines from which the film~to-specimen distance D
could be calculated. This cholce is Justified because these lines are
not teco sensitive to structural changes, end the D value 80 obtained is
good enough for comparative purposes. S . -

Discussion of photographs.-- A diffraction pattern of sample A is
shown in figure 3. The exposure time is 6 hours and only the film has.
been rotated. The 213 reflection shows considersble structure, belng
composed of many sharp maximums. Figure b4 is.a diffraction patiern of
sample B; the exposure time is 5 hours and only the film has been rotated.
Subsequent diffraction patterns of varieus regions of samples A and B
show a variety of line structures; one to five sharp meximums and many
veak maximums . may be superimposed upon en appa.ren'bly continuous back-
ground.
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In order to improve the statistics, the sample must be rotated about
en axis normal to the beam. In general, for stress measurements, this is
not feasible because of mechanical reagonsa. Howgver, if an attempt 1a .
made to "avernge" the reflection by rotating, say, semple B about its axis
coincident with thé X-ray beam, figure 5 results. In this figure the fllm~
to-gpecimen distence has been reduced to 10 centimeters. The line 18
rade up of concentric swirls caused by large grelng rotating in the beam .
and reflecting over a.small angular range of rotation. If the sample is
roteted off-center so that different regiona of the sample are in a posi-
tion to diffract ‘the line shows & crosspatch of structure. )

- If the specimsn 18 to remain’ gtationary, & smooth continuous diffrace
tion line will be obtalned only if the number and orientation of the
crystal gralns ave ‘correct. Sample C was prepared ‘for that resson. Zinc
dust was mixed with bromofoim and a fine uniform fraction was allowed to
settle on a platée. A 6-hour photograph obtained by rotating the film
only is shown in figuve 6. - Generally, the llne iz quite uniform although
a glight amount of gtructure is observed.

The intensity distributiorns of the -diffraction patterns shown in
figures 7, 8, and 9 weie prepared fiom mdccophotomate; tracings of fig-
ures 3, h, and 6, respectlvely. The experimental curves are compared
with the ‘curve obtained fuom equation (5a) that is valid for upiform dis-

tribution. Although sample C showed slight structure near one edge of
the line, this structure has been disregarded in producing figure 9. The
experimental and ‘theoretical curves are not given on an abgolute scale
but have hesn matched by adjusting one point on the intensity scals for
each experimental curve., The agreement between the experimental and the-
oretical curves of figure 9 (very emall grains) is gquite good and the
asymuetry -‘of the dlffractlon line ls very spparent. Thus, when the crys-
tal gralns are large, the fluctuation of the angular distribution of
crystals is so large that B(®) cannot be considered a congtant; rather
B(p) will be irregularly Jagged.

Uncertalnty of Measurement Due to the Photographic Film-;

It has ‘been shown that the diffraction line necessarily has a mini-
mum width. The questlon ls: How accurately cen the center of this line
be measured 1f all other condlitions arve perfect? .

Although the usual measurements of this type are visual, the uncer-
teintles of subjective evaluations have already led somes authors to ob-
Jective measurements. (See reference 7.) The precision of both methods
is discussed 1n the following sections. The standard deviation o is deter-
mined in both methods. In a normal distribution of errors, the frequency of
errors outside the range 3¢ 1a very small; the number of observations
beyond this limit will be only less than 1 percent of the total number of
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observaetions. Hence, with the expec¢tation that practically all measurs—
ments of the line center will fall within the range +3g, the relative
uncertainty of the line measurement becomes

_3g
W

Subjective Precision.~ A sharp and a broad line, both cbizined by
rotation of the sample, were chosén for this measurement, The center of
each lins was measured by four observers using a comparator with cross
hairs. ZEach line was magnified sufficiently to be suitably convenient
for all observers. The data of each observer were averaged. From these
average valuss & new average was determined from which the standard devia.—-
tion was celculated. The resulits may be tabulated as follows:

Table I
he - o r
. (em) _{om) -
Sharp line 0.00075 '0,015 1/7
Broad line ~ .000T7h 077 1/35

where D is the distance between the film and specimen. Obviously, the
nuumber of measurements 1is so small that no exaggerated weight should be

attached to these numbers. Furthermore, the film quality, time of expo—
sure, and film—development conditions may change these resulta. Never—

thelsss, the increased accuracy for broader linee sgeems to be a fact.

Thig is also in agreement with what would be expected theoretically.
Indeed, if the line width is of the order of one grain or cluster of
grains, the ratic r will be.of the order 1. If, on the other hand, the
line width is very large in comparison with the "quasi period" of the
fluctuations of density, the uncertainty of the maximum will be relatively
small- go that .» ghould decreade.

Interpolation between the two values given in table I for the case
of the 310 reflection of iron by Co Kay radiation, using ths usual film-
to-specimen distence of 5 centimsters, givea

- - -

L r=;-’ ) ,.'.
. 12 - . : - e e
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which may be, taken as & representative value for the subjective accuracy
if ull reservations. previously wade are remembéred.

ObJjective precision.- The obJective studles were performed by deter-
mining the median of the mlcrophotometer tracing of a line. In obgerving
the film, the fileld of view will show grain clusters, film defects,
scratches, dust, and so forth. The eye automatically decides which of
these arse. spurious and mentelly subtracts “thém from the field of view..

A limit of acceuracy ig reached, however, because tho eye is unable to dis-
tinguish between two regions of the Film which are slighbly different in
denasity. On the other hand; the mlcrophotometer will record any spurlous
Tluctuations of density which.the .eye digregarded, but-for broad lines
these fluctuationa will be averaged out. .Thersfore, the objective method
may be expected. to be superior for wide lines. For this veason, broader -
lines were chosen to be evaluated by the. microphotometer.

A fine capillary of glass wae filled with zinc dust end rotated Iin
the X-ray beam go. that perfect statlstlics would be guarantesd. The 213
reflection was recorded on films of different grain size, one coarse and -
the othgr finer grained. ' A sharper line whg .also recorded on the cparge-
greined film;2 - Por a film-to-spécimen didtence of 10 centimeters, the
coarse film required an exposure time of 41 hours§ whereas the finer film
required 18 hours. .

Microphoﬁometer-tracings-were obtained by scenning along the radius
of the diffraction line. A nuwiber of tracings of ‘each line: was obfained
by slightly rotating the film in the microphotometer and scanning along -
a new radiug.  The microphotometer beam had a width of 0.0l millimeter .
and & length of 1 millimeter. Two microphotometer tracings were produced
for each setting of the film. Five sets, or s total of 10 tracings, were -
g0 obtalned for each film. 'The reason for producing two tracings per film.
getting 1s to allow two observers to make measurements on.the gpame curve
and thus reduce subjective factors. o — L -

Typical tracings are given in figures 10 to 12, Figure 10 is the
broad line .on coarse-grained film, figure 11 the broad line on finer~
grained. film, and figure 12 the sharp line on coarge-gralned film. Thess
microphotometer tracings were produced at high magnification in order to
reduce measurement errors., The X coordinates given in these figures
glmply represent dlstences along the tracings, Since the diffraction line
is asymmetrical, it was more convenlent to measure the median by weighing,
than to determine the X-coordinate of the centroid.

Each film carried a fidncial mark which served as the reference -
point from which the medien could be determined. Distances were measured

Obviously, no line exhibiting an overlapping Ka doublet could be
uged., «
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along the tracing from the fiducial mark to regions on either side of the
maximums where the demsity dropped to a low value and became constent.
These distences were constent for esch film end served as the boundaries
on either side of the maximums. The curves were then cub out between the
boundaries and cut in half. Subssquent culs were made until a chemical
balance showed the two halves to be of equal weight (or area). After a’
balance had been effected, the curve from which materiel hed been cut was
placed back in position in the tracing sheet from which it hed been re—
moved. The distance between the fiducial mark and the edge of thes cut
curve .wes meagured. This value ls the X coordipate-of the medlian.

Each obmerver determined the median of the same tracing. The two
. values wers avereged. A new average was then obtained for all tracinge
of the particular film, and the standard deviation 0. vwas then dster— .
mined from this velue. Again 30 was taken as the vdlue beygnd which
* the number of cobgervations having this error would be negligi‘ble. The
results are given in the following table: .

Table IT.. P -'.-'---._‘_—_

u | . A - IR O
: !ij l- : (cm)_: ' :
Coarse film, sharp line . 0.09180 'F 0.0311:_ l l'/.6
Fine £1lm, broad line 3 00259 | .76 ‘ 1/23
Cosrse film, broad lime |  .00336 |  .172 B
I 1

The general tendency toward increased accuracy for wider lines is.
again aprarent. However, it ils surprising that for lines bhroadsr than
those evalnated visuslly, the accuracy is lower., It secems that the dis—
criminating ability of the eye makes it superior to the microphotomcter
for the usual range of line width. This explains the reluctance of mos‘c
observers to use obJective methods.

A more asccurate method of objective evaluation would first have com—
Dleted, by the method of least squares, the best fitting smooth curve
corresponding to each microphotometer tracing and would then have deter—
mined the median. However, this procedure seems too cumbersoms for rou-
tine use. :

It is doubtful whether the present choice of exposure time and back-
ground density are the most favoreble. It is known (reference 8) that the
fluctuation of density decreases as the density increases. This suggests
that en exposure to a uniform beam prior to the diffraction exposure might
improve the accuracy. However, this would tend to make the density curve
flatter, so that the gain in smoothness might be offset by the loss of
sherpness. Only further investigations can answer the question.
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CONCLUSTIONS

From an investigation of. the limits of precision in the deturm4nev
tion of lattlce paremeters and stresses, the following conclusidns wers
medes -

The sharpness of the diffraction line is limited by the speciral
breadth of the primary characteristic radiation. Under conditions where
a large number of perfect crystals are randomly orlented, the diffraction
line will be perfectly smooth and uniform. If the sample statistics sre
poor and. the diffraction line cannot be. smeothed by proper rotation of
the specimen (as in most stress measurements), the diffraction line will
exhibit an irresguler intensity distributic This mokes a precise deter—
mination of the intenaity maximnm, and, Lherebj, of the lattice perameteor,
impogsible.

Even when the statistical fluctuations of grain orientetion are elim--
inated, the accuracy is limited by th: imperfection of the photographic
film, which entails ervatic irregnlarities of the photographic density
distribution.

Objective and subjechive etaluations of the center of & photograph--
ically recorded line lead to uncerteinties in lattice spacing 4. The
relative error ©84/d in determining the lettice spacing is approxiwately
2 X 107 as an order of megnitude. This value detormines the accuracy
with which stress meagurements may be madse,

Armour Resedarch Foundation,
Chicage, Ill., June 11, 1947.
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Figure 3.~ Diffraction pattern of sample A. Exposure time, 6

hours; film rotated.
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fFigure 4.- Diffraction pattern of
hours; film rotated.
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Figure 5.- Diffraction pattern with sample B rotated.
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Figure 6.- Diffraction pattern of sample C. Exposure time, 6
hours; film rotated. S
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